Some characteristics of the formations of acrosomal vesicles during the late stage of spermatids during spermiogenesis and taxonomical charateristics of sperm morphology in male two species (Saxidomus purpurata and Meretrix petechialis) in the family Veneridae were investigated by electron microscope observations. In two species, the morphologies of the spermatozoa have the primitive type and are similar to those of other bivalves in that it contains a short midpiece with five mitochondria surrounding the centrioles. The morphologies of the sperm nuclear types of S. purpurata and M. petechialis in Veneridae have the curved cylindrical and cylinderical type, respectively. And the acrosome shapes of two species are the same cap-shape type. In particular, the axial filament is not found in the lumen of the acrosome of two species, however, subacrosomal material are observed in the subacrosomal spaces between the anterior nuclear fossa and the acrosomal vesicle of two species. The spermatozoon of S. purpurata is approximately 46-52 µm in length, including a curved sperm nucleus (about 3.75 µm in length), a long acrosome (about 0.40 µm in length),and a tail flagellum (about 45-47 µm long). And the spermatozoon of M. petechialis is approximately 47-50 μm in length including a slightly curved sperm nucleus (about 1.50μm in length), an acrosome (about 0.56 μm in length) and tail flagellum (44-48 μm in length). In two species, the axoneme of the sperm tail flagellum of each species consists of nine pairs of microtubules at the periphery and a pair of cental doublets at the center. Therefore, the axoneme of the sperm tail flagellum shows a 9 + 2 structure. In particular, taxonomically important some charateristics of sperm morphologies of two species in the family Veneridae are acrosomal morphology of the sperm, The axial filament is not found in the acrosome as seen in a few species of the family Veneridae in the subclass Heterodonta. The acrosomal vesicle is composed of right, left basal rings and the apex part of the acrosomal vesicle. In particular, right and left basal rings show electron opaque part (region), while the apex part of the acrosomal vesicle shows electron lucent part (region). These charateristics belong to the subclass Heterodonta, unlikely a characteristic of the subclass Pteriomorphia showing all part of the acrosome being composed of electron opaque part (region). Therefore, it is easy to distinguish the families or the subclasses by the acrosomal structures. The number of mitochondria in the midpiece of the sperm of S. purpurata and M. petechialis in Veneridae are five. However, the number of mitochondria in the midpiece of the sperm in most species of Veneridae in the subclass Heterodonta are four. Therefore, the number of mitochondria of the sperm midpiece of two species are exceptionally 5, and it is only exceptional case in the species in Veneridae in the subclass Heterodonta. Except these cases, the number of mitochondria in the sperm midpiece in all families in the subclass Heterodontaare are 4, and now widely used in taxonomic analyses.
1995; Chung and Ryou, 2000; Chung et al., 2007 Chung et al., , 2010 ; Kim et al., 2010a,b) . Recently, in the mollusca, sperm ultrastructure is considered a valuable tool in assessing taxonomic and phylogenetic problems within the bivalvia (Franzén, 1970 (Franzén, , 1983 Popham, 1979; Healy, 1989 Healy, , 1995 Hodgson and Bernard, 1986 ; .
Thus, sperm ultrastructures of bivalves are now widely used in taxonomic analyses (Healy, 1995) , and is especially useful when comparing closely related species (Popham et al., 1974; Popham, 1979) .
To date, there are several ultrastructural studies on spermatogenesis of the family Veneridae in Korea: Cyclina sinensis (Chung et al., 1991) , Meretrix lusoria (Kim, 2006) , Gomphina melanaegis (Lee et al., 1999) , Gomphina veneriformis (Park et al., 2003; Chung et al., 2010) . Protothaca (Notochione) jedoensis (Kim et al., 2010c) . Recently, sperm ultrastructures of bivalves are now widely used in taxonomic analyses (Healy, 1995) . In particular, it is well-known that acrosomal morphology of sperms has been used to organize bivalve subclasses (Popham, 1979) , Therefore, it need to study acrosomal morphology of the sperm and the number of mitochondria in the sperm midpiece for taxonomic analyses of this species. If some characteristics obtained from sperm ultrastructure and the process of spermiogenesis are phylogenetically analyzed, the results of the ultrastructural studies on bivalve spermatozoa will provide information needed for the elucidation of relationship patterns among several bivalve subclasses (Popham et al., 1974 , Popham, 1979 Healy, 1989 Healy, , 1995 . Therefore, the main aim of the present study is to describe some taxonomic characteristics for classification from the spermatid and mature sperm morphologies of two species (Saxidomus purpurata and Meretrix petechialis in Veneridae (Heterodonta) by electron microscope observation.
MATERIALS AND METHODS

Sampling
For collection of two species (Saxidomus purpurata and Meretrix petechialis), a total of 126 male individuals were collected at the intertidal and subtidal zones of Simpo, Jollabuk-do, Korea, and used for transmission / scanning electron microscope observations. However, it appears to be unconnected to the nuclear envelope. The distal centriole lies parallel to the sperm longitudinal axis and forms the point of origin for flagellar axoneme (Figs. 1D) . During the late spermatid stage, the sperm nucleus is long curved (the angle of the nucleus is about 15°), and the cytoplasm is greatly reduced, and so the rate of nucleo-cytoplasm is high. After the sperm nucleus is During the late spermatid stage, the sperm nucleus is slightly curved (the angle of the nucleus is about 10°), and the cytoplasm is greatly reduced, therefore, the rate of nucleo-cytoplasm is high. After the sperm nucleus is elongated, an acrosomal vesicle is also gradually elongated (about 0.56 μm long, Fig. 2D ). 
Transmission electron microscope observations
DISCUSSION
In the present study, morphology and the ultrastructure of spermatozoa during spermatogenesis in two species (S. purpuratus and M. petechialis) are similar to those of ther bivalves, In particular, spermiogenesis of two species also shows similar phenomena to those of other bivalves (Hodgson and Bernard, 1986; Eckelbargeret al., 1990; Healy and Lester, 1991; Chung et al., 1991; Eckelbarger and Davis, 1996; Chung and Ryou, 2000; Park et al., 2006; Chung et al., 2007; Kim et al., 2010 a,b,c,d) Regarding the morphologies of the sperm nuclei in Veneridae species, Kim (2001) reported that the angles of the sperm nuclei in the family Veneridae ranged from 0° (Notochione jedoensis) to 80°
(Mercenaria stinpsoni). In this study, the angles of the sperm nuclei of S. purpurata was slightly curved (15°), however, exceptionally, that of this species was smaller than those of Dosinorbis japonicus (45°) and G. melanaegis (9.54°). Thus, the morphologies of sperm nuclei vary with the species. Therefore, morphologies of the sperm nuclei can not be used for classifications of the species, genuses, families and subclasses as taxonomic tool.
Regarding the morphology of sperm acrosome, S. purpuratus and M. petechialis are the cap shape (Kim, 2001 (Franzén, 1970 (Franzén, , 1983 Popham, 1979; Eckelbarger et al., 1990) , and it is now widely used in taxonomic analyses (Healy, 1995) : for example, 1) acrosomal morphology, and 2) the number of mitochondria in the sperm midpiece.
From the results investigated, we have confirmed that the acrosomes can be distinguisable those of the genuses, families and subclasses (Pteriormorphia and Heterodonta) by the morphologies, positions and characteristics of the acrosomal vesicle. Family Veneridae belongs to the subclass Heterodonta.
According to Hodgson and Bernard (1986) In this study, two species (S. purpurata and M. petechialis) that belong to the family Veneridae in the subclass Heterodonta, have the acrosomal vesicles showing the cap in shape, being composed of electron high density (opaque) materials (right and left basal rings) and electron lucent materials (the apex part of acrosomal vesicle) as reported by Hodgson and Bernard (1986) . Therefore, S. purpurata and M. petechialis in Veneridae belong to the subclass Heterodonta because our results coincided with the opinion of Hodgson and Bernard (1986) .
Regarding the number of mitochondria in the midpiece of the sperms, Kim (2001) reported that the number of mitochondria in the midpiece of the sperms of the species in the family Veneridae are four in n most specie, while exceptionally, five in S. purpurata, M. lusoria and C. sinensis. Exceptionally, within one species, the number of mitochondria in the midpiece of the sperm show slight differences in number. Regarding the number of mitochondria in the sperm midpiece, Healy (1995) reported that the number of mitochondria tends to be stable within any given family or superfamily. Therefore, we agree with the opinion of Healy (1995) .
